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Stability and Polaronic Motion of Self-Trapped Holes in Silver Halides: Insight through DFT plus U Calculations
Polarons and their associated transport properties are a field of great current interest both in chemistry and physics. To
further our understanding of these quasi-particles, we have carried out first-principles calculations of self-trapped holes
(STHs) in the model compounds AgCl and AgBr, for which extensive experimental information exists. Our calculations
confirm that the STH solely stabilizes in AgCl but with a binding energy of only 165 meV, an order of magnitude smaller
than that found for the Vk center in KCl. Key contributions to this stabilization energy come from the local relaxation along
breathing (a1g) and Jahn Teller (eg) modes in the AgCl6
4- unit. To study the transfer of the STH among silver sites, we (i)
use first-principles calculations to obtain the hopping barrier of the STH to first and second neighbors, involving eight
distinct paths, using first-principles and (ii) construct a simple model, based on Slater-Koster parameters, that highlights
the similarity of polaron transfer with magnetic superexchange. This allows one understanding of why the movement of
STHs to second neighbors is highly enhanced with respect to closer ones. In agreement with experimental data and the
model, the present calculations prove the existence of a dominant mechanism of polaronic motion that corresponds to the
displacement of the STHs to the next-nearest sites in the <100 > direction and a small barrier of 37 meV. This mechanism
is dominated by the covalency inside a AgX6
4- complex (X:Cl;Br), thus explaining why the STH is not stabilized in AgBr
following the increase of covalent/due to the Cl -> Br substitution. The present calculations confirm that, similar to 10% of
the charge associated with the STH in AgCl is outside the AgCl6
4- complex. This fact is behind the differences between
optical: and magnetic properties of the STH in AgCl and those observed in KCl:Ag2+.
 
General information
State: Published
Organisations: Department of Energy Conversion and Storage, Atomic scale modelling and materials, University of
Cantabria
Authors: Loftager, S. (Intern), Garcia-Fernandez, P. (Ekstern), Aramburu, J. A. (Ekstern), Moreno, M. (Ekstern), García
Lastra, J. M. (Intern)
Number of pages: 16
Pages: 8509-8524
Publication date: 2016
Main Research Area: Technical/natural sciences
 
Publication information
Journal: Journal of Physical Chemistry C
Volume: 120
Issue number: 16
ISSN (Print): 1932-7447
Ratings: 
BFI (2017): BFI-level 1 
Web of Science (2017): Indexed yes 
BFI (2016): BFI-level 1 
Scopus rating (2016): CiteScore 4.48 SJR 1.948 SNIP 1.181 
Web of Science (2016): Indexed yes 
BFI (2015): BFI-level 1 
Scopus rating (2015): SJR 1.917 SNIP 1.268 CiteScore 4.68 
Web of Science (2015): Indexed yes 
BFI (2014): BFI-level 1 
Scopus rating (2014): SJR 2.027 SNIP 1.448 CiteScore 5.08 
Web of Science (2014): Indexed yes 
BFI (2013): BFI-level 1 
Scopus rating (2013): SJR 2.134 SNIP 1.439 CiteScore 5.14 
ISI indexed (2013): ISI indexed yes 
Web of Science (2013): Indexed yes 
BFI (2012): BFI-level 1 
Scopus rating (2012): SJR 2.514 SNIP 1.46 CiteScore 4.98 
ISI indexed (2012): ISI indexed yes 
Web of Science (2012): Indexed yes 
BFI (2011): BFI-level 1 
Scopus rating (2011): SJR 2.32 SNIP 1.457 CiteScore 4.92 
ISI indexed (2011): ISI indexed yes 
Web of Science (2011): Indexed yes 
BFI (2010): BFI-level 1 
Scopus rating (2010): SJR 2.438 SNIP 1.356 
Web of Science (2010): Indexed yes 
BFI (2009): BFI-level 1 
Scopus rating (2009): SJR 2.128 SNIP 1.417 
Web of Science (2009): Indexed yes 
BFI (2008): BFI-level 1 
Scopus rating (2008): SJR 1.856 SNIP 1.033 
Web of Science (2008): Indexed yes 
Web of Science (2007): Indexed yes 
Web of Science (2006): Indexed yes 
Web of Science (2005): Indexed yes 
Web of Science (2004): Indexed yes 
Web of Science (2003): Indexed yes 
Web of Science (2002): Indexed yes 
Web of Science (2001): Indexed yes 
Web of Science (2000): Indexed yes 
Original language: English
Electronic versions: 
stability. Embargo ended: 05/04/2017 
DOIs: 
10.1021/acs.jpcc.6b01710 
Source: FindIt
Source-ID: 2303378653
Publication: Research - peer-review › Journal article – Annual report year: 2016
 
